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By Sanger M. Wzrk, Jr., and Burton E. Hultz 

S U M M A R Y  

An investigation was conducted i n  the Langley 20-foot freespinning 
tunnel  to determine the motions and trim conations  possible from OO t o  
goo angle of attack  for  the X-3 airplane which is  a  supersonic  airplane 
having an extremely long  nose and a small wing. Tests were conducted on 

both a -- scale dynamic  model and a -- scale s t a t i c  model at  low 
Reynolds  numbers. Force tes t s  on the component par t s  of the   s ta t ic  model 
were included in the iwestigation.  Teets were also conducted in the 
Langley 300 "H 7- by 10-foot  tunnel on the complete s t a t i c  model at 
somewhat higher Reynolds numbers. 
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Results  obtained in the Langley 20-Yoot free-spinning  tunnel on both 
the dynamic and s t a t i c  models indicated  unsatisfactory pitching-moment 
chbacter is t ics  a t  high angles of at tack  in  that the models  showed a 
trim condition a t  these  high  angles of attack;  deflecting the horizontal 
tail had negligible  effect on chang-fng this trfm  condition. There was 
a slight  indication of scale  effect, however, f o r  the  force tests con- 
ducted in the  spin  tunnel for Reynolds  numbers varying from approximately 
l30,OOO t o  413,000. Tests were conducted, therefore, in the Langley 
300 MPH 7- by 10-foot  tunnel a t  a Reynolds number s l ight ly  in excess 
of 1,000,000. Based on the  s ta t ic  pitching-moment .characteristics alone, 
the  results  indicated  that a corresponding airp-e a t  low-subsonic Mach 
numbers probably would not have a  high-angle-of-attack t r i m  condition; 
however, calculations  Indicated that a t  high-subsonic Mach  numberls it 
might be possible  for  the  airplane  to trim a t  high  angles of attack. 
There was no appreciable  scale  effect  indicated on the pitching-moment 
coefficients a t  low angles of attack. 
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The r e s u l t s  of.  the  investigation, i n  general,  indicate  that  scale 
effect  may appreciably  influence-  free aynamic results obtained a t  l o w  
Reynolds nuinberfl and"high angle.s of  attack on a design hwirig a very 
long  nose and'a verjr small wing. 

1 N T R O D U C T I . O N  

During an investigation-to determine t&e spin and recovery  character- 
i s t i c s  of a dylamic model representative of' a supersonic  airplane having 
an extremely long nos-d a small wing, unusual motions accompanied  by 
a longitudinal trim condition..at .extrwly  high  angles of attack were 
observed. In order t ha t the   r e su l t s  being  obtained from the dynamic  model 
could be better -understood and evaluat-ed a s t a t i c  model was bui l t   fo r  test  
on the six-cortrponent balance in the Langley 20-foot free-spinning  tunnel. 
Force tests were performed on the complete s t a t i c  model and also on i ts  
component parts. The Reynolds number range- of the force tests in   t he  spin 
t u n n e l  varied from approximately l30,OOO to 413,000. In order t o  extend 
the Reynolds number range, force  tests were also conducted in  the Langley 
300 MPH 7- by 10-foot tunnel up t o  a Reynolds  number of 1,124,000. 

The present  report  presents  the  resu1t.s of both  the dynamic  and 
s t a t i c  tests. 
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S Y M B O L S  

The data  presented  herein  are  in  the form of standard NACA coeffi- 
cients of  forces.and maments which are referred  to  both  the body and 
wind axes  with  their origin at the  center -of gravity of the model. The 
positive  directions of the forces and moments and angular diaplacements 
are shown in  f igure 1. The center of gravity of  the model i s  at the 
10-percent point of  the- mean aerodynamic chord (see fig. 2) 

cL 

CD drag coefficient (Drag/qS) 

CZ normal-force coefficient (Normal force/qS) 

CX longitudinal-force  coefficient  (Longitudinal  force/qS) 

crn pitching-moment coefficient  (Pitching moment/qSF) 

9 free-atream dynamic pressure, pounds per  square  foot 

lift coef f ic iene   (Li f t /qs )  

. _ .  " 
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mass density of air, slugs per  cubic  foot 

free-stream  velocity, feet per second 

free-stream Mach  number 

wing area, square feet  

mean aerodynamic chord, 
S 
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chord and y is spanwise ordinate,- feet 

wing span, feet 

angle of attack of the fuselage  reference l ine with  respect 
t o  wind axis, degrees 

Reynolds number based on mean .aerodynamic chord of wing 

Reynolds number based on maxTmum depth of the  fuselage 

deflection of all-movable horizontal t a i l  with respect t o  
fuselage  reference  line,  posftive with trailing edge 
downward, degrees 

rudder deflection with respect t o  fin,  positive with t ra i l ing  
edge t o   l e f t ,  degrees 

leading-edge-flap deflection,  positive downward, degrees 

trailing-edge-flap  deflection,  poaitive downward, degrees 

mass of airplane, slugs 

moments  of iner t ia  a b u t  X, Y, and Z body axes, respectively, 
slug-feetz - 

iner t ia  ya.whg-moment parameter 

iner t ia  rolling-moment parameter 

iner t ia  pitching-moment parameter - 
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P airplane  relative  density (m/pSb) 

rate.of change  of  pitching-moment coefficient with  pngle of 
attack,  per degree 

A P P A R A T U S  A N D  M E T H O D S  

MODEL 

A small aynamic  model and a larger   s ta t ic  m o d e l  of the X-3 super- 
sonic  research  airplane were constructed a t  the Langley Laboratory of 
the WCA. The scale  of"the dynamic  model was 1/40, and the  ecale of 
the  larger  static model X&B 1/Lo. The fuselage of the dynamic model 
was made principally of balsa,  the wing was made of dural, and the 
ver t ical  and horizontal tails were  made of steel. The fueelage of the 
s t a t i c  model consisted  primarily of  a plyyood hul l  planlred with  balsa; 
the wing and the  vertical  and horizontal   tai ls  were made of laminated 
mahogany. The design had lqw-aspect-ratio wing and t a i l  surfecee and 
incorporated an all-movable hofizontal tail. The  wing of the design was 
relatively small when c q a r e d   t a   t h e   s i z e  of the  fuselage. The airscoops . 

of the design were .not ducted. A three-view drawtng of the - scale 
s t a t i c  model i s  shown on figure 2. A photograph sharing  the two models 
i s  presented  as  figure 3. The dimensional characteristics of the  air- 
plane are given i n  table I. 

- .  
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The Langley =-foot free-spinning  tunnel. used for moeeof  the tests 
is a  vertical  wind tunnel  ofidodecagonal crosB section and is capable of 
airspeeds up t-o approximately 60 milee per hour. 

The Langley 300 MPH 7- by 10-foot  tunnel used for some of the  tests 
i s  a  horizontal atmospheric closed tunnel of the  return-flow  type. 

.TESTING TECBNIQUE 

In order t o  study and evaluate  the motions and longitudinal trim 
character is t ics   of the m o d e l s ,  four  different  testing  techniques were 
used and are  described  in  the  follaring paragraghe. 

. "" 
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Free-Rotation  Tests 

5 

For the  free-rotation  tests,  the E- technique as used f o r  spin 
tests was generally used, that is, the model was launched by hand w i t h  
spinning rotation  into  the  vertically rising a i r  stream wbich was adjusted 
until  the  force of  the rising a i r  stream balanced the weight of the model. 
V i s u a l  observations and motion-picture  records were made then of the motion 
exhibited by the model. 

Glide  Teats 

Glide t e s t s  were performed Ufth the dynamic m o d e l  by clamping the 
model i n  a  special r i g  fixed i n  the  center of the  spin tunnel (see fig. 4) 
and releasing  the model a t  various knom angles of attack and horizontal 
t a i l  deflections and observing its path and potiop. 

Trim-Rig Tests 

For a few tests   the  dynamic model-was mounted at i t s  center of gravity 
on a r i g  resembling a yoke (fig. 5 )  in  such a manner th+t the model had 
only one degree of freedom  which was freedom t o  pitch about the Y-&a. 
A t  the  test  airspeed,  the model was displaced from. i t s  normal trimmed 
posi t ion by an extraneous force so that  the  angle of attack ranged  through 
approximately iwo. It was then  freed t o  asBume a trim attitude. I The 
trim  attitude was recorded by photographe. 

Balance Tests 

The force and moment data were obtained i n  the spin tunnel by 
mounting the  s ta t ic  m o d e l  on a six-component strain-gage  balance  xhich 
measures the data about the body axes.  Reference 1 gives  a  detailed 
description of the balance. The static model is shown  mounted on the 
balance in   the  spin tunnel i n  figure 3. The balance is  sham in detai l  
i n  figure 6.  

In the Langley 300 MPE 7- by 10-foot  tunnel  the  static model was 
mounted on a  balance  system that measured forces and m o m e n t s  about the 
wind axes. The s t a t i c  model mounted fn the Langley 300 MPH 7- by 10-foot 
tunnel is shown as  figure 7. 

SECURITY INFORMATION 
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T E S T  C O N D I T I O N S  

DYNAMIC TESTS 

The free-rotation, glide, and trim-rig tests were perfomed.with the 
'aynamic  model i n  the clean  contiltion  except fo r  a few t e s t s  with the 
flaps deflected. The mass conditions and iner t ia  parameters for  the 
loadlngs  tested on the model (conveyted t o  f'ull-scale values)  are  l isted 
in   t ab le  11. The test Reynolds  number of the dynamic model based on the 
mean  aer-amic chord was approximately 85,000. This value was not 
corrected  for the turbulence  factor  oethe  spin tunnel which i s  
approximately 1.8.. 

The control  deflections used i n  the tests were: 

Rudder, degrees . . . . . . . . . . . .  -. . -. . .- . . . .  -. 20, 0, -20 
Horizontal tai l ,  degrees . ., . . . . . .  10, 0, -2$, -5, -10, -15, -25 
Ailerons, degrees 12, 0, -12 . .  . . . . . . . . . . . . . . . . . . . . .  

For the free-rotation tests in   addi t ion   to  the control  settings 
mentioned previously the leading-edge-flaps were deflected 30° down for  
aome of the tests and the trailing-edge  flaps were deflected Po dam 
independently and i n  combination Kith the leading-edge flaps. For the 
glide tests the nidder and ailerons were setrat neutral while the hori- 
zontal t a i l  was set a t  various  deflections and the model was released 
through a range oFangles '  d-fattack from -So t o  90'. For the  trim-rig 
t e s t s  the rudder and ailerons were set ak.neutral and the horizontal t a i l  
set a t  various  deflections. 

STATIC TESTS 

A s  previously mentioned, balance tests in  the  spin tunnel were con- 
ducted nith the s t a t i c  model and i t s  component parts. The fuelage-alone 
component of the model included  the  vertical ta i l .  The angle of attack 
was varied from 0' t o  goo a t  Oo yaw. The rudder  ahd ailerons were set 
a t  neutral and the  horizontal t a i l  was set a t  various  deflections. The 
leading- and trailing-edge flaps were deflected 30° and Yo, respectively, 
f o r  a few tests. Tests were conducted .for EL range  of dynamic pressures 
from approximately 0.8 t d  8.0 pounds per  square foot and the corresponding 
Reynolds numbers, based m-the mean aerodynamic chord of the static model, 
ranged from l30,OOO to 413,000. This was the maximum range  of Reynolds 
number possible in the tunnel f o r - t h i s  model. These values of Reynolds 
numbers  have not been corrected  for the turbulence  factor of the  spin 
tunnel. 

k 
. . . .  

e 

t 



. 

NACA FM L5OL19 

Bslance tes t s  
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conducted on the   s ta t ic  model generally fr& 9' t o  goo angle of attack 
at Oo yaw. The horizontal tail, as previously mentioned, was set a t  
various  deflections  while  the  ailerons and rudder were set a t  neutral. 
The tes t s  were performed at  dynamic pressures ranging f r o m  5.0 t o  
60.0 pounds per  square  foot and the corresponding ReynolaS mkrs,  
based on the mean aerodynamic chord of the model, ranged from 325,000 
t o  1,124,000. * These values of  Reynolds numbers have not been corrected 
f o r  the  turbulence  factor of  the tunnel, which i s  not known but  thought 
t o  be small because of the   fa i r ly  high contraction ratio of  the  tunnel. 

A C C U R A C Y  

The  dynamic-model test  results  presented  herein  are  believed to be 
the  true  values given by the model within  the  following limits: 

a,degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * X  
V, percent .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +5 

The limits of accuracy of the measurements of the mass character- 
i s t i c s  of  the dynamic model are believed t o  be as follows: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Center-of-gravity,  percent F . . . . . . . . . . . . . . . . . . .  *I 
Moments of inertia,  percent . . . . . . . . . . . . . . . . . . . .  *5 

The controls were set with an accuracy of *lo. 

S W I C  TESTS 

. The limits of accuracy in sett ing the angle of attack and free- 
stream velocity  are  believed t o  be as follows: 

a, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.5 
V, percent .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  kl.5 

The tunnel-wall  effects on the s t a t i c  model  were not considered 
significant f o r  the  spin-tunnel  tests  since  the model was loca ted  
appreciable.pigtance from the  tunnel w a l l  and was k n a l l  with relation 
t o  the tunnel diameter. The model normally was pivotid a t  the end of 
a horizontal arm (fig. 6 )  and a t  large anglels of attack  as  the m a e l  

SECURITY INFORMATION 



0 
#3ECURlTY LNFQRMATION - NACA RM ~ 5 0 ~ 1 9  

approached. the  horizontal  position  the  fuselage came very  close to   the 
arm. To determine the  possible  interference  effect.of  the  horizontal arm, I 

a  slender s t r e d i n e  s t r u t  approximately 1L feet   in  length was moupted a t  
the  center of gravity of the model parallel  t o  the 2 body axis while the 
other end of' the strut was attachep t o  the end of *e hoezontal arm. . - ." 
Thus the model would remain displaced 11 feet away from the  horizontal 
a m  f o r  all angles of  attack. No appreciablsdifference between the - 

results- was noted when testing  with and withou-kthe strut. 

2 . -  

- -2 

Je t  boundary corrections were not applied t o  results obtained in the 
Langley 300 MPH 7- by 10-foot tunnel because the  corrections were  con- 
aidered  negligible  since  the  size of the model was considered small 
relative  ta  the s i z e  of the  tunnel.' Blocking effects were also con- 
sidered  negligible ljecause -of the low tunnel  airspeed and the  relatively 
small size of the model.  The data  for Reynolds number values of 325,OOO 
and 562,000 obtained i n  the Langley 7- by 10-foot tunnel were  somewhat 
e r ra t ic  because the small size of the model i n  the Langley 7- by 10-foot 
tunnel and the  relatively low airspeeds of the  teste  resulted i n  force c 

and moment values smaller than those  that could be accurately measured 
on the  balance. 

P R E S E N T A T I O N  O F  R E S U L T S  . .  , .  . 
Film str ips  showing various motions of the dynamic model possible 

a f te r  it has been hupched.into  the spin tuqnel  are  presented  in  figure 8. 
The results of tlie free-rotationtests are preaent-ed on charts 1 t o  7. 
The order used for  presenting  the data on the  charts i s  as follows: 
horizontal .rows from top t o  bottom present  the results obtained  with  the 
horizontal t a i l  deflected f u l l  up (stick full back), neutral, and full 
down, respectively. Vertical columns  from lef t   to   r ight   present  results 
obtained  with.  the ailerons deflected f u l l  against  (stick full le f t   fo r  
right  rotation),  neutral, and f u l l  with the  rotation,  respectively. The 
results of the glide tes t s  and of the trim rig  tests  are  presented on 
tables ' I I1  and IV, respectively. The results o f  the  static-model  tests 
f o r  six  horizontal   tai l   deflection8  at  a Reynolds number oF3kO,OOO is  
shown in  figure 9. The effect of flap iieflec-Mon i s  shown in  f igure .lo. 
The results of the  static-model  tests in the  spin  tunnel f o r  various 
Reynolds numbers and with the  horizontal t a i l  set a t  0' is sham i n  fig- 
ure ll. The results of - the  static-model tes t s  i n  the Langley 7- by 
10-foot.tunnel.for various Reynolds numbers  arid three  horizontal t a i l  
deflections i s  shown in figures 12 and 13. FYgure.14 presents  the 
results of tes t s  of the fuselage  alone  for-various Reynolds numbers. A 
comparison  between experimental and calculated results for the  fuselage- 
alone  condition at a  relatively low and at   re la t ively high Reynolds 

.. 
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number  is sham in figure 15. The  results of t e s t s  of the wing done, 
the  fuselage  plus wing, and  the  fuselage  plus  horizontal  tail  for  various 
Reynolds numbers are s h m  $n figures 16, 17, and 18, respectively. 

D I S C U S S I O N  O F  R E S U L T S  

Free-Rotation  Tests 

The  results  of  routine spin tests  of  the dpamic m o d e l  in general 
indicated  that  the  model  tended to trim  at  high  angles 06 attac5  with 
some pitching  oscillations  (average a approximately 70 to 75 ) for 
all  horizontal  tail  deflections. C h a r t s  1 to 7 present  these  results 
in  detail.  Briefly,  one  of  the following motions w-as .generally  obtained 
during  the,free-rotation  teste,  these  motions  generally  accompanying  the 
tendency  of  the  model t o  trh at  high  angles of attack: The launching 
rotation  ceased  and  the m o d e l  glided,  oscillating  approximately +15O in 
r o l l  (fig.  8(a);  the  launching  rotation  ceased  aqd  the  model  rolled 
rapidly  about  ita X body a x i s  (fig. 8(b)); the launching rotation 

. decreased  until  the  model  rotated slowly at a constant  rate  about a 
vertical  axis  in a wide stalled  gliding turn while  oscillating  approxi- 
mately f15' in roll (flg. 8(c));  or  the  launching  rotation  increased 
until.  the m o d e l  rotated  at a very mpid rate  about i t 8  Z body  axis 
(fig.  8(d) ) . Another  interesting  motion  wbich  sometimes  occurred was 
one in mich the  model  continued  to  rotate  moderately  about a vertical 
axis and  at  the same time  rolled  rapidly  about  its X body axis,  the 
rotations  being  in  the.same  sense and the X body a d s  being  at  approxi- 
mate- 50° from the  vertical axis (fig. 8( e) ) . This motion was &de 
possible  apparently.by  the  introduction of a nose-down gyroscopic  moment 
resulting  from  the  cambined  rotatiom  of  the model. 

The contiliuous  rolling  motion  about  the X body axis, previously 
mentioned,  apparently  occurred  only when the rolling moment  contributed 
by  the  rudder and that  contributed  by  the  ailerons  were  additive.  The 
rolling  moment  contributed  by  the  rudder was relatively  large  because 
the  rudder was mounted high abgve  the  fuselage  center Use. 

The  motions  or  trim  characteristics  did  not  appear  to  be  affected 
by  flap  settings. 

t 
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Glide Tests 

Because it was believed  that  the unusual trim conditians  obtained 
during  free-rotatfan  tests may have been primarily  attributable  to  the 
longitudinal  characteristics of the model,. glide tests =re performed 
t o  evaluate  the trim characteristics =her. 

The results  opthe  glide tests (table-111) indicate  that f o r  any 
upw-ard deflection of the horizontal t a i l   t h e  model would pitch up &nd 
trim a t  approximately TO0 angle of attack. When the  horizontal t a i l  was 
set   a t   neutral .and the model released a t  an angle of attack of 19' o r  
grgater, the model pitched up and trimmed .at 70° angle of attack; below 
19 angle of-attack;.it  pitched down.  When the horizontal t a i l  was se t  
full .  d m  and the m o d e l  released at an -le of attack  greater  than so, 
the model pitched up to 70° angle of attack; below 260 angle of attack, 
it pitched d m . .  It was thus  apparent that any up horizontal-tail 
deflection would cause an upward pitching moment a t  any positive  angle 
of attack below 70' and tha t   a t  any angle of attack above 26O it would 
be inlpossible to  reenter  the  normal-flight  region  deflecting  the hori- 
zontal tail. 

Trim-Rig Tests 

Before making extensive statlc force and moment measurements t o  
obtain an evaluation of  the unusual trim characteristics of  the model, 
it was felt   desirable  tu  obtain a qualitative  indication of &ether the 
trim characteristics were primarily  aseociated with dynamic o r  s t a t i c  
parsmeters. 

The resulte  obtained on -the t r i m  rig  are  presented in table IV and 
indicate  stable  trim  angles at high angles of attack f o r  all horizontal 
t a i l  settings. This was taken  as an indication that the unusual trim 
characteristics of the model were primarily  associated  with i t s  s t a t i c  
pitching-moment characteristics. 

In order to  afford a bett-er understandhg of  the  results  obtained 
on the dynamic  model, force and moment data were obtained on a s t a t i c  
model. The data used in  analyzing  the static  longitudinal  characteristics 
of  the model were C, and CZ. The values of CL, CD, and CX also 
have been included i n   t h i s  paper  although not discus8ed.specifically. 
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Spin-tunnel  balance  tests.- The variation of the pitching-moment 
coefficient C, with angle of attack a f o r  various  horizontal t a i l  
settings i s  presmted in  figure 9. The data were obtained in the  spin 
tunnel a t  a Reynolds number of 3kO,OOO. The data show a  high-angle-of- 
'attack t r i m  condition  varying from 75' t o  &lo angle of attack f o r  a l l  
horizontal t a i l   s e t t i n g s   i n d i c a t u   t h e  Fneffectiveness of me  horizontal 
t a i l   a s  a means t o  trim the model  back in to  the normal f l igh t  region once 
it has  reached this high trim m e .  The slope of the curve  appears t o  
be quite  steep at   the  point of trim thus F n d i c a t e  a  very stable condi- 
tion. For horizontal   tai l  settings of -5O and 0 in addition t o  this 
trim point a t  very  high  angles of attack,  alternate  stable t r i m  points 
a t  lower angles of attack were a lso  possible  as sham in figure 9. 
Deflecting  the flaps (fig. 10) had negligible  effect on changing the high- 
angle-of-attack trim condition al thoue  the.  low-angle-of-attack trim 
conditions were  changed  somewhat. 

-. 

To determine possible effecta of  Reynolds number on the  statfc  data 
for  this m o d e l ,  the  balance tests i n  the  spin  tunnel were made through 
the widest  range of airspeeds  possible,  corresponding,  as p r d o u s l y  
indicated, t o  Reynolds  number value8 of l3O,OOO t o  413,000. The variatian 
of the pitching-moment coefficient wfth angle of attack for various 
Reynolds  numbers  and with  the  horizontal t a i l   s e t   a t  .Oo i s  presented i n  
figure ll. Increasing  the  Reynolb  nmber  generally  caused an appreci- 
able  reduction in the nose-up pitching moment  and al thoue  the high- 
angle-of-attack trim was still obtained  there  appeared t o  be a  'definite 
indication  that  further  increases i n  Reynolds nrnnber might lead t o  the 
elimination of  the trim points. 

rn 
Comparison of figures 9 and ll. f o r  a horizontal ta i l  sett ing of Oo 

and a Reynolds number of 340,OOO indicates  a small  difference  in  the results. 
Inasmuch  a8 the  results were obtained  during  different  test m a ,  the 
small dLfferences may be attr ibuted t o  s l T g h t  variations  in  sett ing  the 
att i tudes and controls of the model. 

The variation of the normal-force coefficient Cz with angle of 
attack a for various  horizontal tail settings is presented on figure 9. 
As would be expected, for any given angle of attack Cz generally 
increased  negatively (upward normal force  increased  as  the  horizontal 
t a i l  was deflected f r o m  up t o  d m .  The variation of CZ with single 
of  attack  for  various Reynolds  numbers is shawp on figure 11. The results 
indicated that there was no appreciable  variatian of CZ with Reynolds 
number f r o m  0' t o  90' angle of attack. The center of pressure, however, 
mwed.in  a  rearward  direction towards the  center af gravity  as  the 
Reynolds number was increased. The results indicate  that,  for  the com- 
plete model, since  the nose-up pitching moment was reduced and the normal 
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f0rce.dl.d  not  change-with an increase  in Reynalds number, the change i n  
stability,  therefore, was a result of a redistribution of the normal 
force  rather  than  a change i n  i t s  magnitude. 

The variation of  lift coefficient with  angle of attack is  shown i n  
figure 9 for  the complete model. An initial s t a l l  occurred at approxi- 
mately 14O an&e of attack a subsequent- stall occ-med-htween 40° 
and 50' angle of attack. Corresponding lift-curves for wing alone 
(fig. 16) and fuselage.  alone  (fig. ,14) indicate that- the initial loss 
in  l i f t  was due t o  the  stall ing of the wing and that  the subsequent loss 
i n  lift was due t o  a rapid  decrease in the lif't of the wing beyond approxi-. 
mately 50° angle of attack and also .due to   the  s ta l l ing of the  fuselage. 
From examination of figures 9 and 16, it appears that  'due t o  interference 
effects  the wing stalls ear l ie r  when in combination with  the  fuselage. 

Langley 300 "E 7- by 10-foot;tunnel balance tests.- In  order t o  
obtain pitching-moment characteristics a t  Reynolds numbers  beyond those 
possible i n  the spin tunnel,  tests were conducted in the Langley 300 MPH 
7- by 10-foot  tunnel' up t o  a Reynolds number value of 1,124,000. lh order 
t o  obtain  a-qualitative cwrparison with  the  spin-tunnel  balance r e s u l t s  
the 7- by 10-foot-tunnel  investigation  included  tests a t  lower Reynolds 
numbers varying down t o  a  value of. 325,000. The variation of pitching- 
moment coefficient  with  angle of attack  for Reynolds  numbers ranging 
from .325,000 t o  1,124,000 1s shown in  f igure 12. It can be seen that, 
when the Reynolds number was increased from a relatively low value t o  a 
hi&  value,,the  slopes of the pitching-m-nt curves became stable from 
approximately 20°. tQ. BOo angle of  attack. Thus the  data  indicate  that 6 
high-angle-of-sttack t r i m  condition  will not be obtained a t  high Reyllolds 
numbers (based on s t a t i c  f& characteristics alone). When-the horizontai 
t a i l  W&E deflected full up, the model trimmed at approximately h0 angle 
of atta$k, but it appeared that the deflection of the horizontal t a i l  
down  would be effective  in  terminating this condition  (see  fig. 13). 
Results in  figures 12 and 13 also' show a s ta t ic   lwgitudinal   instabi l i ty  
between approximately 13' and 25O angle of attack for all Reynolds numbers 
tested. This unstable  regioqbegins a t  the angle o ra t t ack  of the initial 
s t a l l  of  the complete model. 

On the basis of  s t a t i c  pitching-moment- characteristics alone, the 
results  indicat-e  that  large  scale  effects  at  high  angles of attack may 
be obtained on a  design  incorporating an extremely long nose and small 
wing. A corresponding full-scale airplane a t  low-subsonic Mach numbers 
may not- t r im  a t  the-  high angles of attack  indicated-by  the lower scale 
model tests. . 

There was no appreciable  effect of Reynolda  number on Cm up t o  
approximately 16' angle of  atta-ck even for  the  highest Reynolds number 
tested  in  the 7- by 10-foot  tunnel.as a l s o  previously  indicated by apin- 
tunnel balance- tests.  

4 
" 
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The balance tes t s  on the model, altho-  indicating  a change i n  C, 
with Reynolds number a t  high angles of attack,  indicated no appreciable 
variation of Cz, CL, CD, and Cx wfth Reynolds  number from Oo t o  
goo angle of attack  (see  fig. 1 2 )  f o r  the range of_ Reynolds  numbers tested. 

The data f o r  Reynolds  number values of 325,000  and  562,000 (f ig .  12), 
although erratic-becaus& of reasons given previously, were nevertheless in 
qualitative agreement with  corresponding  spin-tunnel results. 

Component Parts of Model .- 

In an e f f o r t  t o  determine why there wag a large  scale  effect  on C, 
a t  high  angles of attack f o r  the complete model a d  no appreciable.effect 
on the  force  coefficients, it was considered desirable t o  obtain balance 
data on comgonent parts of the   s ta t ic  mode1,at  various Reynolds  numbers. 
Such t e s t s  could be conveniently made in the spintunnel and.although it 
W&E recognized that  the range of  Reynolds  number gossible (up t o  413,000) 
was limited,  nevertheless it m s  f e l t  t&t such data would be of value i n  
a better understanding of the results obtained on the complete m o d e l .  

Fuselage  alone.- The variations of  C, and Cz with angle of attack 
for  various  Repolds.nunfbers f o r  the  fuselage-alone  condition  are  presented 
i n  figure 14. The data  indicate  that  the  unstable  pitching moment of the 
fuselage  increased  as  the angle of attack n . 6  increased t o  60' and then 
decreased a8 the  angle  ofoattack x&s increas'ed t o  goo. In general, f o r  
angles of  attack above 30 the  unstable  pitching moment of the  fuselage 
decreased somewhat as  the Reynolds nuinber increased. The change Fn Cm 
due t o  Reynolds nunber (130,000 t o  413,000 based 02 the M.A.C. o r  80,000 
t o  252,000 based on fuselage maximum depth) for  the Fuselage alone was of 
the same order of magnitude as was that of the complete model. P ' i g u r e  14 
shows that  CZ generally had a tendency t o  decrease  with an increase in 
Reynolds  number f o r  a  given  angle of attack. 

The results f o r  the  fuselage  alone were i n  agreement with the  results 
predicted  in  reference 2 in that  these  test  results  indicated that the 
scale  effect on C, was-due t o  the  decrease Fn drag (or Cz) with an 
increase i n  Reynolds  number.  The calculations Fn reference 2 were based 
on reference 3 which indicates that the drag coefficient of a  circular 
cylinder a t  90' angle of attack  varies  quite  appreciably  with Reynolds 
number, the  drag  coeffici-at  decreasing from about 1.2 a t  Reynolds nm- 
bers of less  than 200,000 (based on cylinder  diameter) t o  approxhately 
0.3 a t  Reynolds numbers greater  than ~ , O O O .  As previously  indicated, 
the range of Reynold8  numbers (80,000 t o  255,000) tested on the  fuselage 
alone i s  partly  within  this  critical range where the drag changes abruptly. 
These calculations  in  reference 2 indicate that this   var ia t ion  in  d r a g  or  
normal-force coefflcient (CD = Cz a t  goo a) ~ t h  Reynolds  numbers has a 
correspondhg  large  effect. on the pitching-mcanent coefficients. 

0 
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A comparlsan was made between the  results  obtained from tes t s  of 
the  fuselage  alone and results  calculated by a method given in refer- 
ence 3. The reference  presents  a method for  calculating  the aerodynamic 
forces and moments on inclined bodies of .rWolution with blunt bases for 
various Reynolds numbers. For calculation purposes, the  fuselage of the 
s t a t i c  model was assumed t o  have a blunt  hase ending a t  the jet exhaust. 
The portion of the  fuselage rearward of  this point was practically  a 
boom and was considered small relative t o  the remainder of the  fuselage 
s o  that  i ts  elimination  for purposes of computations was aasumed t o  
have no appreciable  effect.-  the results. The calculations were made 
on the premise that  the  fuselage was nearly  a  circular  cylinder. The 
dimensional characteristics of the  airplane used in  calculating  the 
forces and moments are  presented on table I. 

. .  
c 

The experimental  force. @nd  moment data were  compared with  force 
and moment characteristics  calculat-ed f o r  the  fuselage  alone as sham 
in  figure 15. The experimental data shown w e r e  obtained at a.Reynolds 
number of 340,000 based on the wing mean aerodynamic chord. The corre- 
sponding calculation@ made fn accordance with  reference 3 were based on 
the  fusela@ maximum depth and upon the component of.velocity normal t o  
the  fuselage axts, which a t  900 .angle oeat tack co?xesponds t o  a Reynolds 
number  of 210,000. A variation  in  cross Reynolds number along the  fuselage 
axis  with  variation in  fuselage depth was not  taken i n t o  consideration. 
Also, i n  order to  obtain a calculated  trend of Reynolds number effect, 
calculations were made a t  a Reynolds number equivalent t o  the  higheet 
value  previously  tested i n  the 7- by 10-foot tunnel which, based on the 
m a x i m u m  depth of the fuselage of the model, is equal t o  695 000 a t  90' angle 
of attack. The drag  coefficient of the  fuselage  alone a t  0 angle of 
attack,  required  in  the computations, wa-obtained from measurements on 
the model (fig. 14). The calculated  values Of C,, CL, and CD for  
the  fuselage  alone -re in fa i r ly  good agreement with  corresponding 
experimental  values a t  low angles of attack. The calculated  values of 
Cm grid CD a t  high  angles of attack, however, did not agree  with  the 
experimental data although the  calculated i i f t  data were i n  f a i r  agree- 
ment.  The discrepancy between the  calculated and experimental data may 
be in part  accounted for'by  the  deviation  ofthe fuselage tested from 8. 

body of revolution. A comparison  of the  calculated pitching-moment 
coefficients  at  Reynolds numbers of 210,000 and 695,000 indicates a large 
decrease in  the  unstable  pitching moment of the  fuselage--with  the  increase 
i n  Reynolds number. Correspondingly, the  value of CD decreased. These 
t renb  are   consis tent  with  those  obtained  experimentally on the  fuselage 
alone for  a smaller range of Reynolds numbera. . 

Q 

b 
.r 
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Wing alone.- The variations of Cm and C Z  with  angles of attack 
for  various Reynolds numbers f o r  the wing-alone condition  are  plotted i n  
figure 16. The wing.alone had a nosedown C, f o r   a l l  angles of attack 
and  Reynolds numbers. The values of d C J h  indicated, ili general, that 



the wing was stable  for all angles of attack. There appeared t o  be l i t t l e  
change in  Cm due t o  variations  in Reynolds number. Fmm an angle of 
attack of 15O t o  60°, there was a sli&t tendency for CZ t o  increase 
with increasing Reynolds number (fig. 16). 

Fuselage  plus wiq.- Figure 17 presents  the  variation of Cm and 
Cz with  angle of attack  for  various Reynolds  numbers for  the f'uselage- 
plus-wing combination. There generally was no appreciable  effect of 
Reynolds number on C, b e l o w  the stall (a = 14') although beyond the 
stall the unstable C, of the fuselage-plus-wing combination decreased 
as the Reynolds number increased. There did not  appear to be'an appre- 
ciable  effect of Reynolds number on. CZ of  the combinatfon up t o  
approximately 'jOo angle of attack. Beyond this angle of attack  there 
was no consistent Reynolds m b e r  effec-t;. 

Fuselage plus  horizontal  tail.- The variation of  Cm and Cz with 
angle of attack  for various Reynolds numbers f o r - t h e  fuselage-plus- 
horizontal-tail combination is presented in figure 18. The addition of 
the  horizontal   tai l   to  the  fuselage made it etable in pitch up t o  14O angle 
of attack where it appeared that  the  horizontal   tai l   stalled;  the magnf- 
tude of  the nose-up Cm a t  any angle of attack f.or the fuselage  plus 
tail a s  less  than that  of the fuselage  alone. The variation of CZ wtth 
angle of attack r n ~  a lso  similar t o  thak fo r  the  fuselage alone although 
the magnitude of CZ at  any angle of  attack was =eater f o r  the  fuselage- 
plus-tail combination. Reynolds number effects on C, and CZ were 
s imilar   to  those obtained  for the fuselage  alone.- 

Comparison of Reynolds Number Effects on Results of 

Component Parts and Complete Mael 

Comparison of the results obtained on c@onent parts of the model 
with  those  obtained 011 the  cmplete model for a Reynolds number range 
from l30,OOO t o  413,000 indicated that the pitching-moment  change obtained 
was primarily a result of a change in the  pitching m o m e n t  o f  the  fuselage 
alone. As previously  indicated,  increasing  the Reynolds number led to 
a decrease in   t he  nomaal"force coefficient f o r  the fuselage  alone;  there 
was, however, no change in the normal-force coefficient f o r  the  coqlete  
model. Iaasmuch as results  obtained f o r  the wing alone  indicated no 
appreciable change in  noqal-force  coefficient, it- appears that c q e n s a t i n g  
changes in Ilormal-force coefficient due t o  Reynolds number may be con- 
tained  in  interference  effects between various parts of the model and in 
possible small unmeasurable efYects 011 the wing and horizontal tail. 

i 
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Mach  Number Effects 

The force and moment-data discuseed  thus far in the paper are  appli- 
cable  only a t  very low Mach numbers. The effects of compressibility, as 
indicated in  reference 3, would be such as t o  increase  the drag of a 
circular  cylinder a t  90° angle of a t tack  to  apgroximately the same order 
of magnitude as  obtained a t  very low Reynolds  numbers. hamuch as the 
i l lstabil i ty of the complete  model ,of t h i s  design a t  low Reynolds  number 
was believed  attributable mainly to  the  associated high  drag of the 
fuselage a t  'high  angles oeattack,  calcglations were made a8 suggested i n  
reference  2 t o  determine the  pitching moment of  the model fuselage at a 
high Mach  number, again on the premise that  it was nearly a circular 
cylinder. The calculations were  made by the method  of reference 3, based 
upon the component of velocity normal to  the  fuselage  axis, and w e r e  
a rb i t ra r i ly  made fo r  a Mach  number of 9.9 at  standard  sea-level  conditions. 
A t  90' angle of attack,  the corresponding Reynolds  number was 3,440,000. 
The equations Yor lift, drag, and pitching moment in  reference 3 include 
terms wbich are influenced by both  viscous and potential  effects. Con- . 

sideration of viscoue effects a t  high-subsonic Mach numbers was made i n  
accordance with  reference 3. The potential  effects w e r e  corrected approxi- 
mately for  high-subsonic Mach numbers  by the  Prandtl-Glauert  relation. 
The calculated  values of the l i f t ,  drag, and pitching-moment coefficients 
f o r   t h i s  high-subsonic Mach nube5 have been plotted in figure 15 and 
show that  beyond appmjdmately 30 angle of attack the values  are  actually 
somewhat greater -in magnitude t= those  obtained  .previously at lmr 
Reyholds aM Mach numbers. The pitching-moment results  indicate unsatis- 
factory  stability  characteristics  for  the  fuselage  alone  similar  to  those 
indicated for khe very low Reynolds nlzllfbers. Based on unpublished data 
from the Langley 2.b-Fnch hie-speed tunnel, it appears the compressibility 
effects on -the King  and t a i l  surfaces will provide only  8 small Fncrease 
in   the   s tab i l i ty  of the  airplane  at  high  angles of attack. Thus, based 
on apparent  large  compressibility  effects on the fuselage, it appears 
that  the  airplane may trim at high angles of a t tack   a th igh  Mach numbers. 

Asymmetry in Rolling and Yawing  Moments . 

Although the  data are not presented, it is interesting  to  note that 
results from tests of t he   s t a t i c  model a t  0' yaw both in  the  spin  tunnel 
and the 7- by  10-foot  tunnel showed asymmetric roll ing and yawing moments 
acting on the model  above approximately 16O angle of attack. The direc- 
t ion  of both moments changed occasionally as the  angle of attack  increased. 
The magnitude  of the, rolling and  yawing moments increased t o  a maxinun at 
approximately 60° angl_e . . of-@ttsck . . . . -. . . . . . . where the  fuselage is completely stalled. 
As the Reynolds  number was increased,  the.ma@pitude of the mimerits 
decreased and it thus appears' that  -the. phenomenon could be associated . 

only with l o w  Reynolds numbers. 

.I . 

I 
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C ' O N C L U S I O M S  

On the  basis of tests in   the Langley 20-foot free-spinning  tunnel 
o f  a dynamic  model representative of a supersonic airplane having an 
extremely  long nose and small Xing and on the basis of force  tests of 
a s t a t i c  model i n  both  the s p h  tunnel and i n  the Langley 300 MPE 7- by 
10-foot  tunnel through a Reynolds number range from approximately 
l30,OOO t o  1,124,000 the  following  coqclusians  are made: 

1. Although there appeared t o  be no appreciable  effects of Reynolds 
number on the pitching-moment coefficients of the complete model a t  low 
angles of attack, a large scale effect  was indicated on the  pitching- 
moment coefficients a t  high  angles of attack. A t  very  high angles of 
attack, trim conditions were obtained for low Reynoldinumbers, whereas 
at higher Reynolds numbers the t r i m  conditions  disappeared. 

2. Based on the   s ta t ic  pitching-moment characteristics alone, the 
results indicated that a -  corresponding afrplane at low-subsonic Wch 
numbers probably would not h a v E  a high-angle-of-attack trim conditim; 
hawever, calculations  indicated  that at  high-subsonic Mach nun;bers it 
might be possible  for  the  airplane t o  trim at  high  angles of attack. 

3. There  appeared t o  be no appreciable  scale"  effect on the  force 
coefficients  for the complete m o d e l  from Oo t o  90' angle of attack. 

4. The results of the investigation, in general, indicate  that  scale 
effect may appreciably  influence free dynamic results obtained a t  low 
Reynolds numbers and high  anglee of attack on a des iw  having a very 
long nose and a very small wlng. 

Langley Aeronautical  Laboratory 
, National Advisory Committee f o r  Aeronautics 

Langley Field, Va. 
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TABLE r 
DIMENSIONAL CHARACTERISTICS O F  THE X-3 AIRPLANE 

Over-all  length. f't . . . . . . . . . . . . . . . . . . . . . . .  62.7 

Wing: 
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.7 
Area. sq ~t . . . . . . . . . . . . . . . . . . . . . . . . . . .  166.5 
A i r f o i l  section . . . . . . . . . . . . . . . . . .  Modiffed hejzagon 
Thickness ratio. percent chord . . . . . . . . . . . . . . . .  4.5 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  3.1 
Taper ra t io  . . . . . . . . . . . . . . . . .  : . . . . . . . .  0.388 
Incidence, deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Sweepback (50-percent-chord line). deg . . . .  - . . . . . . . . .  8 
Mean aerodynamic  chord. ft . . . . . . . . . . . . . . . . . . .  7.84 
Leading edge of mean aerodynamic chord  rearward of leading 

edge root chord. ft . . . . . . . . . . . . . . . . . . . .  2.06 

Ailerons : 
Area rearward of hinge l i n e  . . . . . . . . . . . . . . . . . .  8.5 
Span. percent wing span . . . . . . . . . . . . . . . . . . . .  29.8 

Flaps : 
Leadingedge  flap: 

Area (forward of hinge line). sq ft . . . . . . . . . . . . .  17.3 
Span. percent King man . . . . . . . . . . . . . . . . . . .  73.2 

Trailing-edge  flap: 
Area (rearward .of hinge l ine).  sq f t  . . . .  - . . . . . . . .  18.5 
span. percent wing span . . . . . . . . . . . . . . . . . . . .  44.6 

Horizontal t a i l  surface: 
Totalarea. s q f t  . . . . . . . . . . . . . . . . . . . . . .  
A i r f o i l  section . . . . . . . . . . . . . . . . . . .  Modified 
Thickness ratio.  percent chord . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  
Taper ratio 
Dihedral. deg . . . . . . . . . . . . .  .- . . . .  i . . . . . .  
Sweepback (50-percent-chord line). deg . . . .  - . . . . . . .  
Distance.from  center of gravi ty   to  hinge line o? 

horizontal t a i l  surface. f t  . . . . . . . . . . . . . . .  

span. f t  . . . . . . . . . . . . . . . . . . . .  - . . . . . . .  

. .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. 31.0 . 9.8 
hexagon . 4.5 . 3.0 . 0.400 . .  0 . . 2 3  

* u . 4  

. 
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TABz;EI 

DIMENSIONAL  CHARACTERISTICS O F  TEE X-3 AIRPLANE - Concluded 

' Vertical  tail  surface: 
Total area, sq f't .23.7 
Rudder  aPea r e a m r d  of hinge l ine . . . . . . . . . . . . . . .  6.1 
Airfoil-section . . . . . . . . . . . . . . . . . .  Modified hexagon 
~hicknees  ratio,  percent chord . . . . . . . . . . . . . . . . .  .' 4.3 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  .1.3 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  0.298 
Sweepback (50-percerit-chord line), deg . . . . . . . . . . . . . .  30 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

Dimensional characteristics used in  calculating force and 
moment characteristics of fuselage  alone: 

Plan-form area of fusehge (nose to   Je t   ex i t ) ,  sq ft- . . . . .  211.0 
Fuselage length (nose t o  jet exit) ,  ft . . . . . . . . . . . .  50.5 
Distance t o  moment center from nose, ft . . . . .  ; . . . . . .  37.3 
Distance t o  centroid of plan-form area Pram nose, ft"". . . . .  32.1 
Reference area  for  coefficient  evaluation (wing area), sq ft . 166.5 
Reference length f o r  coefficient  evaluation 

(M.A.c. of wing), ft . . . . . . . . . . . . . . . . . . . .  7.84 
Finenesls ra t io  (nose t o  jet-exit) . . . . . . . . . . . . . . .  8.27 

Base area  (cross-sectional  area a t   j e t   ex i t ) ,  sq f t  . . . . . .  13.7 

... . . .  
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TABU I11 

Horizontd ta i l   se t t ing Behavior ofmodel In i t ia l  angle of attack 
( a d  (del31 

10 

Pitched 80- and 25 10 
Pitched  either up or down 26 10 

Do. 27 10 
Do. 30 10 
Do. 35 10 
Do. 40 10 
Do. 45 10 
Do. 50 10 
Do. 55 10 

Pitched up t o  a = 70° 60 10 
Remained a t  a = YO0 70 10 

Do. 80 10 
Pitched down t o  a = 70° 90 

10 15 Do. 

inverted 
10 Do. 20 

0 

Pitched down t o  a = Oo 17 0 

Pitched up t o  a = TO0 20 
0 Do. 19 

0 3-5 

Remains a t  a = Oo 0 0 
Do. 10 0 
Do. 13 0 
Do. 

-e 
-15 -% 

Pitched up . t o  a = TO0 0 

-& 2 - 10 

Do. 

Do. 

-5 
-10 -5 

Do. 0 

Do. -10 . -10 
Do. 0 -10 

Do. 

-25 Do. 10 
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TABLE N 

c 
TRIM-FUG TESTS OF DYNAMIC MODEL 

Ailerons and rudder neutral 
Airspeed appmxim&tely 70 feet per secand I 

0 
10 
-25 
-10 
-5 
-2$ 

angles of trim are appro.rite. 
% m o s t  t m  at  oO. 

v 

""" 
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CHART 1.- MOTIONS OF DYNAMIC MODEL IHWINIMUM FLYING WEIGHT LOADING  OBTAINED 
DURING FREE-ROTATION TEBTS 

[Loading 1 on table I; landing gear and flaps  retraoted; model launohed uith  ratat ion  to  
the   p i lot ' s   r ight  in erect  attitude; rudder deflected  to .r ighq 

1 1  81ou apln 

I 

Btalled  glide . .. 

Stick 
full right  

I 

%ode1 rotates   s lowly  at  a oonrtantrate about a vert ical-axla in a ulde rta l led  

" 

$ECURITY INFORMATION 

t 

. ... . . .  
" 



4 

CHART 2.- MOTIONS OF D W I O  MODEL I N  DESIW (IROBS HEIGHT LOADING OBTAIHED 
DURING FREE-ROTATIOH TESTS 

[Loading 2 on t a b l e  I. landfng gear and flap6 re t rao ted-  model launched   wl th   ro ta t ion   to  
t h s   p i l o t ' s   r i g h t  in ereat   a t t l tu8e;   rudder   def leoted  to   r ight]  

Roll  
(a) 

S t a l l e 6   g l i d e ;  

rap id  spin 
oombined roll; 

(bs 0 s  d, 0 )  

St lok  
S t a l l e d   g l i d e ;  

roll; rapid  spin 
roll; oomblne6 

( g J  O J  a? e )  

I 

1 

25 

L 

aModel rolls rap id ly  about i ts  X-body axis while o s c i l l a t i n g  in p i t ch .  
%bee condi t ions  possible .  
cModel g l ides  above s t a l l   o a c i l l a t i n g  i n  p i t c h  and r o l l .  
dlIodel rotatea  moderately  about a v e r t i c a l   a x i s   w i t h   p l t c h l n g   o s c i l l e t i o n s  and a t  ths 

same time ro l l8   rap id ly   about  its X-body axis ,  t h e   r o t a t i o n s   b e i n g   i n   t h e   s a m  
sense. 

fTao condition6  possible.  
eModsl r o t a t e s   a t  vary rnp id   r a t e   abou t   i t a  2-body axis. 

gFour condi t ions  possible .  
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OHART .- MOTIONS OF D W I C  MODEL IN MINIMUM FLYING  WEI5HT LOADING OBTAINED 
DURjNC) FREE-ROTATION TE3TS  WITH  TRAILIN5 E W E  FL19 DEFLECTED 50° 

r i g h t  in ereot   a t t i tude;   rudder   dsi leoted  to  rlghq 
Loading 1 on tab le  I; landing  gear  retraoted; model launohed  with  rotat ion  to   the  pi lot ' s  

1_1 Slow spin 



OHART 4.- HGTIONS OF D M I C  YODEL I# HILPI" J?LYING WEIMIT W D q Q  OBTAINED 
DURING FREE-RGTATION TESTS WITH LEADIN@ EDGE FLIP DEFLEOTED 30 

[Loading 1 on table I; landing  gear  retracted; model launohsd with  mtatlon to the   p i lo t ' s  
right in ereat  attitude; Fudder dsfleoted to Fight] 

Stick 
full l e f t  

Sta l led  glide Str l l sd   g l ide  

Btiak 
Sta l led   g l fds  

(a) 

alIobel glides above a t a l l  oac i l la t lng  i n  pitoh and roll. 
h o d e l   r o l l 6  rapidly about its X-body ax ir  while  oacil latlng in pitch. 
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CHART 5.- KOTIONS OF DYNAKIC HODEL I N  YINIMUH  ELYINQ  YEIGHT LOADING  OBTAINED 
DURINQ  FREE-ROTATION TEST8 WITH LGADINC) EDQE FLAP DEFLECTED 30° AND 

T F t A n I N Q  EDOE FLAP DEFLECTED 50' 
. .. 

[Loading 1- on t a b l a  I; lanaing  gear   re t raoted;  model laurioheb v i t h  r o t a t i o n   t o  the pilot';. 
right i n  erect a t t i t u d e ;  rudder defleoted  to   r ight]  

S t a l l e d  gl ide  

Sta l l ed   g l ide ;  elou 
S t i c k  

epin 
( 0 ,  a ,  b )  

S t i c k  
S t a l l e d   g l i d e  

( a )  

S t a l l ed   g l ide  
( a )  

%ode1 gl idee above stall OaOill8ting  in p i t o h  and roll. 
%ode1 rotatee  slowly at  a &natant r a t e  about a v e r t i o a l  axis i n  a wide s t a l l e d   g l i d i n g  

'TWO conditions  poesible.  
%ode1 ro l l s   r ap id ly   abou t - - i t s  X-body axia w h i l e   o s c i l l a t i n g   i n  pitch.  

t u rn   wh i l e   oeo i l l a t ing   i n   p i t ch  and mll .  
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CHART 6.- MOTIONS OF DYNAMIC UODEL IN IIIPOIHUP FLYING WEIGHT LOILDWO OBTAmED 
DURING FREE-ROTATION TESTS IN INVERTED  ATTITUDE 

LLoadlng 1 on tab le  I; landtng gear and ilspe rstraoted;  rncdel launohed  inverted with rota t ion  
t o  p i l o t ‘ s   r i g h t ;  rudder d e f l e c t e d   t o  right] 

I 

S t i c k  
f u l l   l e f t  

(a)  (a) 
Rol l  L Rol l  

Pi tches   erect   Into  
s t a l l e d   g l i d e  

( 0 )  

Roll;   Inverted 
stalled glide 

( b ,  a, a) 

r 
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CHART 7.- MOTIONS OF THE LYNAMHIC MODEL IN DESIQN GROSS WEIGHT  LOADING  OBTAINED 
DL'RINQ FREE-ROTATION TESTS IN INVERTED  ATTITUDE 

[Loading 2 on t a b l e  I; landing  gear   and  f laps   re t raated;  model launohed  inverted  with  rotation 
to   p i lo t ' s   r l gh t ;   rudde r   ae f l ea t ed   t o   r i gh t ]  

I 

Btiok 
Roll  . . 

( a )  
f u l l  l e f t  Roll 

( a )  

r 

I 

I Combhjrl r o l l  , 
Btiak 
full r i g h t  
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Y a n d  Y '  
I 

Xand x' - 
WiND DIRECTION 

WIND DIRECTION 
t 

z 2' 

PRIMED AXES ARE WIND AXES. 

Figure 1.- The  body and wind system of axes. Arrows  indicate  positive 
directions of forces, m & e n t s l  and control-surface  deflections. The 
body system of axes ia defined as an orthogonal system having the 
origin  at  the  center of  gravity and in which the X-axis i s  the 
fuselage  center  line and the Z-axis i s  i n  the Plane of symmetry and 
perpendicular t o  the X-axis  and the Y - a x i s  is perpendicular t o  the 
plane of s-try.  The wind system of axes 3 s  defined as an 
orthogonal system having the  origin a t  the  center of  gravity and 
i n  wliich the Z-axis is fn the plane of symmetry and perpendicular t o  
the  relative wind, the X-axis is in  the plane of  symmetry and 
perpendicular t o  the Z-axis, and the Y-axis i s  perpendicular t o  
the plane of symmetry. 
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- 
I 1.70" + 

I" 27.22" - 

Figure 2.- Three-view dra%dng of e ta t ic  model. 

SECURITY XNFORMATION 



5 .. 

M a r e  3.- Comparative sizes of the ayaamic and static models (1140 
and 1/10 scales, respectively) shown mounted in  the Langley 
20-foot free-spinning tunnel. A i r  stream is vertical. 





. . . . . . . . . .. . . .. . . 
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Figure 6.-.~he strain-gage balance in the Langley %foot free-apinning 
tunnel. 

b 





6 
* 

(a) a = 0’; looking downstream. . 

(b) a = 60°; looking upstream. 
Figure 7.- The static m o d e l  mounted in the Langley 300 MPH 7- by 

10- foot tunnel. 
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(b) Rapid ro l l ing  motion about X body a x i s  of model with pitching 
oscillations. 

Figure 8. - Continued. 

" " " - " 
SECURITY fNFORMATION 
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( c )  Slow continued rotation of  m o d e l  about a vertical a a S  while 
oscillatfng in roll and pitch. 

J?igure 8. - Continued. - 
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(c) Concluded. 

" 

Figure 8.- Continued. Ma06 

SECURITY INFORMATION 
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. -  
"j .. 

. .  

." 

(a) Rapid rotation of model about its Z body & x i 8  wbile oscillating in 
roll and pitch, ,v  

Figure 8.- Continued. L-68407 



. 
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t') - " 

(e) C o n i b i n e &  rotation of m o d e l  about vertical axis and its X b d y  axLs 
while oscillating in pitch. v 

Figure 8. - Concluded. L-68408 
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Figure 9.- Effect  of horizontal tail setting on the aeroaynamic charac- 
teristics of the static model tes ted  in the spin tunnel. R = 340,000. 



4.. & g e  

Angle of attadt,a,deg 

Figure 9.- Concluded. 

E.__ 
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c 

AngIe of attack, a, deg 
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, 

Figure 10.- Effect of flap'deflection on the aero-c characteristics 
of the static m o d e l  teated in the spin tunnel. R = 340,000; 6+. = Oo. 
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Figure 10. - Concluded. 
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Figure 11.- Effect of Reynolds number on the aerodynamic  characteristics 
of the static model tested in the spin tunnel. 6t = oo. 
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. , I -  

Angle of attack, a, deg 

Figure 11. - Concluded. 
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Angle of ottadc, a, dag 

(a) Concluded. 

Figure 12.- Continued. 
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Angle of a t t a c k ,  a . d e g  

(b) Et = 0'. 

Figure 12.- Continued. 

63 
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(b) Concluded. 

Figure 12.- Continued. 

" - " -  

SECURITY INFORMATION 
" 
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(c) st  = loo. 
Figure 12.- Continued. 
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(c )  Concluded. 

Figure 12. - Concluded. 

~ I - "7 
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. 

Angle of attack, a, deg 

Figure 13.- Effect  of  horizontal tail deflection on the aerodynamic 
characteristics of the  static m o d e l  tested in the Langley 300 MPE 
7- by 10-foot  tunnel. R = 1, U4,OOO.  



SECURITY INFORMATION 
68 - NACA RM LwLl9 

Angle of attack, a,deg 

.~ .. 

. .  

Figure &-. E f f k c t  of Reynolds  number on the  aerodynamic  charactefistics 
e  static model teeted i n  the spin tunnel. 

m. 
6ECURlTY INFORMATION 
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Figure 14. - Concluded. 
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x 

Angle of attack, a,deg 
U 

Figure 15.- Comparison between experimental and calculated results for 
the  fuselage  alone. . - 

SECURITY INFORMATION 0 



Figure 16.- Effect of Reynolds number on the aerodynamic  characteristics 
of the wing alone of €he static moael te8ted in the spin tunnel. 
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. " 

I 

Angle of attack, a,deg 

Figure 16. - Concluded. 
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Figure 17.- Effect of Reynolds number on the aero4ynamic characteristics 
of the fuselage plus wing of the s t a t  

" 
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Angle of attack, a,deg 

Figure- 17. - Concluded. 

" 
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Angle of attack, a,deg 

Figure 18.- Effect of Reynolds  number on the aerodynamic  characteristics 
of the fuselage plus horizontisl tail of the static model tested in the 
spin tunnel.. 6t = Oo. 
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.6 

t" 

-6 
- 2  

8 

R 
o 0. /30 x10 ' 

c 

Angle of attack, a,deg 

Figure 18. - Concluded. 


